The quantum dots (QDs) have been recognized good luminescent properties in recently reports. PbS/CdS nanocrystals that are prepared with specially Pb/S molar feed ratios were synthesized via a simple chemical codepositing method.. The as-synthesized PbS/CdS core/shell nanocrystals show three diffraction peaks, this is probably caused by the substitution of CdS and PbS. Absorption spectra show little absorption of the PbS nanocrystals. Band side emission exhibit a increase in PL intensity with increasing reaction times. All the samples exhibits bright white emission, CIE of nanocrystals have been changed as the PL intensity varied of PbS/CdS nanocrystals.
INTRODUCTION
In recent years, quantum dots (QDs) have been recognized distinctive optical properties owing to size-tunable emission wavelength, narrow emissions, spectrum and large optical oscillator strength [1] [2] [3] . These remarkable characteristics have attracted attention for applications in LEDs [4] , biomedical labeling [5, 6] and lasers [7, 8] . The traditional luminescent QDs like binary CdSe QDs based QLEDs were reported in 1994 [9] . Then all kinds of binary and quantally QDs candidates, such as CdS, CdTe and ZnCuInS, have been reported as promising to emit materials for QLEDs [10] [11] [12] [13] [14] . During the past years, following the investigation of optical properties of CdS and CdSe QDs, rocksalt-structured lead sulfide PbS QDs have recently emerged as an interesting semiconductor low-dimensional system. However, nanocrystals have large amounts of defects arising from the large ratio of surface to volume, which deteriorate their luminescence and stability.
Therefore, it will be a giant advantage to cap shell of a semiconductor material with a wider band gap than the core material can achieve efficient surface passivation to reduce defect, increasing the likelihood of recombination via radiative pathways involving surface electronic states [15] [16] . Consequently, this is an effective way to ame liorate the fluorescence yields, photostability, and monodispersity of nanocrystals. CdS is a especially suitable shell material for PbS QDs to form core/shell nanocrystals, which considering the conditions of wide band gap and lattice-matching. However, core/shell PbS/CdS nanocrystals have not been reported.
In our work, we have successfully synthesized core/shell PbS/CdS nanocrystals that are prepared with specially Pb/S molar feed ratios. For the purpose of studying the luminescence mechanism, the PbS/CdS nanocrystals of the XRD, absorption spectra, and Gaussian-fitting spectra are also investigated.
II. EXPERIMENT SECTION 2.1. Chemicals
Cadmium stearate (CdSt 2 , 99.5%), Lead oxide (PbO 2 , 97%), Thioacetamide (TAA ， 99.0%), 1-octadecene (ODE, 90%), oleylamine (OA, 99.99%), Sublimed sulfur (S, 99.5%), Octadecylamine (ODA, 97%), Acetone (C 4 H 9 N 3 O, 98%) were purchased from Aladdinto synthesize PbS/CdS nanocrystals.
Precursor solution

Precursor solution of Cd:
A four-necked flask clamped in a heating jacket was charged ODE (10ml) and CdSt 2 (0.6495g) under argon. Next, the mixed solution was heated to 230°C and maintained for 60 min under Ar flow. The obtained solution was kept in the glove box.
Precursor solution of S
4 mL of octadecene (ODE) and S (0.039g) were loaded into a 100 mL four-neck flask, degassed at 140 °C for 10 min, mixed at 100 °C for 30 min under Ar flow. The obtained solution (ODES) was kept in the glove.
Synthesis of PbS/CdS nanocrystals
10 mL of octadecene (ODE) and PbO 2 (0.0093g) were loaded into a 100 mL four-neckflask (called A), degassed at 230 °C until completely dissolved under Ar flow. ODA (0.4g) and ODES were loaded into a 100 mL four-neck flask (called B) degassed at 150 °C until completely dissolved under Ar flow. Then, 2 mL of B was quickly injected A. The mixture liquid is rapidly cooled to 120 °C and then slowly degassed at 150 °C. Aspirate the solution with different reaction time 5 min, 10 min, 15 min, 20 min, 25 min and 30 min under Ar flow, The resultant QDs were precipitated using 5 mL of acetone and separated via centrifugation.
Characterization
Powder X-ray diffraction (XRD) spectra were collected on a Rigaku D/MAX 2500 X-ray diffractometer with the K line of Cu as a radiation source. The absorption spectra were measured by a Hitachi UV-4100 absorption spectrophotometer. A Jobin Yvon FluoroLog-3 fluorescence spectrometer was used to measure the photoluminescence spectra. Commission Internationale de L'Eclairage (CIE) value of PbS/CdS nanocrystals was carried out on a PR 650 spectrophotometer.
III.
RESULTS AND DISCUSSION PbS/CdS core/shell NCs was confirmed by X-ray diffraction pattern. As shown in Figure 1 , the three diffraction peaks corresponds to 26.1°，43.5°，51.2°, this is probably caused by the substitution of CdS and PbS. The absorption spectra of PbS/Cd plotted in Fig. 2 . Absorption spectra show little absorption of the PbS nanocrystals, which is due to a relatively small amount of Pb. PL emission spectra and Gaussian core/shell NCs synthesized by the nucleation plotted in Fig. 3 . As the reaction time increases the beginning of the reaction, the PL emission spectra peak, which centers at 470 nm and 600 nm nm was appearing in the PL emission spectra 3C-3D. According to other literature and trap or surface-state emissions increasing reaction times. Thus, the emission peak from trap or surface-state emissions nanocrystals may originate from band side emission Gaussian-fitting spectra of the visible emission band in PbS/CdS core/shell NCs synthesized by the nucleation-doping strategy at the different reaction times
As the reaction time increases, the emission peak can be tuned from two to three. At PL emission spectra of PbS/CdS nanocrystals have dual which centers at 470 nm and 600 nm, as shown in Fig. 3A-3B [17] In literature, Pb 2+ emission is assigned to the transitions between the ground state and these excited states, and considered to be charge transfer transitions involving the transfer of an electron from the ligand to the metal ion or vice versa.
[18] Thus, the emission peak at 430 nm of PbS/CdS nanocrystals originate from band side emission of CdS nanocrystals. The emission peak at 470 nm of PbS/CdS nanocrystals originate from Pb 2+ . Fig.3 Gaussian-fitting spectra of the visible emission band in PbS/CdS core/shell NCs synthesized by the nucleation-doping strategy at the different reaction times.
CIE chromaticity diagram of PbS/CdS core/shell NCs at the different reaction times are plotted in Fig. 4 . All the samples exhibits bright white emission, CIE of nanocrystals have been changed as the PL intensity varied of PbS/CdS nanocrystals. These monodisperse and highly luminescent nanocrystals will have a promising application in biomedicine and thin film optoelectronic devices.
Fig.4 CIE chromaticity diagram of PbS/CdS
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